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I. I N T R O D U C T I O N  
F o r  the ana lys i s  of lunar s a m p l e s  b y  x - r a y  diffract ion,  a n  i n s t r u -  
ment  is  r e q u i r e d  which is capable  of per forming  a m e a s u r e m e n t  within a 
reasonably  s h o r t  per iod of t i m e .  Many ins t rumenta l  a n d  opera t iona l  prob-  
l e m s  m a y  a r i s e  if t h e  m e a s u r e m e n t  i tself  r e q u i r e s  a long in te rva l  of t ime.  
Thus 
t i a l  portion of the diffracted x - r a y  s p e c t r u m  would b e  vas t ly  s u p e r i o r  t o  a 
des ign  utilizing a mechanica l  scanning m e c h a n i s m  which m o v e s  a de tec tor  
through the diffracted beam.  
and r e c o r d e d  technique, which is fundamentally a n  x - r a y  c a m e r a  design,  i s  
a t t r ibu tab le  to:  
t h e  scanning m e c h a n i s m ;  (2)  reduction of the to ta l  t ime r e q u i r e d  to  obtain 
t h e  analyt ical  da ta ;  ( 3 )  elimination of the possibiLity of garb led  data  due t o  
var ia t ions  in the intensity of the p r i m a r y  x - r a y  b e a m  resu l t ing  f r o m  vac i l -  
lat ion in the  p r i m a r y  power source ;  and (4) elimination of moving mechan-  
i s m s  and o ther  m i n o r  mechanica l  and operat ional  cons idera t ions .  
a d i f f rac tometer  which s imultaneously de tec ts  and  r e c o r d s  the e s s e n -  
T h e  super ior i ty  of the s imultaneously detected 
(1) the conservat ion of e l e c t r i c a l  e n e r g y  r e q u i r e d  to  power 
In t h e  typical  x- ray  d i f f rac tometer  a s a m p l e  is  placed in a col l i -  
m a t e d  b e a m  of monochromat ic  x-radiat ion and the incident radiation is dif-  
f rac ted  at specif ic  2 8  angles  in accordance  with B r a g g ' s  law. A conventional 
' di f f rac tometer  h a s  a s ingle  detector  which in tegra tes  t h e  drffracted radiat ion 
as t h e  de tec tor  m o v e s  through a par t icu lar  a r c  of 28 angles .  
LS var iab le  on t h e  n o r m a l  labora tory  ins t rument ,  so that s o m e  trade-off 
Scanning t i m e  
1 
m a y  b e  m a d e  between the t i m e  requi red  to  obtain a n  x - r a y  pa t te rn  and the 
c h a r a c t e r i s t i c s  of the individual reflection (such as  intensity,  s p r e a d ,  r e s o -  
lution, e tc .  ). Typical operat ing t i m e s  for  a scanning goniometer  a r e  a round 
90 minutes  per  pa t te rn .  
t i m e  can b e  substant ia l ly  reduced.  
six minutes  or l e s s  a r e  v e r y  plausible.  
With s imultaneous detection and record ing  t h i s  
Evidence shows that integration t i m e s  of 
The  purpose of th i s  p r o g r a m  was t o  es tabl ish feasibi l i ty  and design 
' concepts  uti l izing mult iple  or stacked d e t e c t o r s ,  a s ingle  fixed de tec tor ,  o r  
o ther  per t inent  d e t e c t o r s  which appear  sui table  t o  detect  and r e c o r d  an  x - r a y  
diffraction s p e c t r u m  without utilizing mechanica l  scanning m e c h a n i s m s  
B e c a u s e  the  n a t u r e  of the p r o g r a m  was inherent ly  continuous, 
m a n y  of the phases  overlapped.  They w e r e ,  howeverp  divisible into b r o a d  
c a t e g o r i e s :  namely ,  op t ics ,  d e t e c t o r s ,  and data  handling and presentat ion.  
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11. X - R A Y  OPTICS 
A comprehens ive  study of opt ic  s y s t e m s  of var ious  x - r ay  c a m e r a  
Aisde f r o m  a r r a n g e m e n t s  was m a d e  during the init ial  par t  of the p r o g r a m .  
the  m o r e  obvious f a c t o r s  which apply specifically to  the c a m e r a  (e .  g. , in- 
t e n s i t y  of the  incident b e a m ,  theoret ical  resolut ion,  s i z e  and weight), it was  
n e c e s s a r y  to cons ider  a l s o  compatibil i ty with var ious  de tec tor  designs a 
Our ana lys i s  indicated only m a r g i n a l  acceptabi l i ty  of the Debye- 
S c h e r r e r  c a m e r a  design.  
in t h e  fact that the  resu l t ing  data  cover aLmost 1800 28  with a s ingle  expo- 
s u r e  plus the fact that  a double se t  of diffraction Lines a r e  s imultaneously 
r e c o r d e d  for  each exposure .  
uti l ization of a g r e a t e r  number  of de tec tors .  
a r e :  
sect ion of the incident beam;  ( 2 )  sample  minuteness ;  ( 3 )  the  problem of 
s a m p l e  prepara t ion  and loading; and (4) high prec is ion  al ignment  r e q u i r e -  
m e n t s  a f t e r  the spec imen is loaded into the c a m e r a .  
The  advantages of th i s  type of c a m e r a  lie main ly  
This  is advantageous s ince  it would permi t  
The  pr incipal  disadvantages 
(1) the diffracted intensi t ies  a r e  v e r y  low owing to the s m a l l  c r o s s -  
The feasibi l i ty  of the Debye-Scher rer  c a m e r a  design was d e t e r -  
m i n e d  b y  m e a s u r i n g  the  combined intensi t ies  of the 100 and 101 reflections 
f r o m  a powdered sample  of a - q u a r t z .  This  was accompl ished  b y  placing a 
scint i l la t ion counter ,  f r o m  a s tandard x - r a y  d i f f rac tometer ,  bes ide  a Debye- 
S c h e r r e r  powder c a m e r a  which had previously been  positioned and aligned 
a c c o r d i n g  to  n o r m a l  x - r a y  camera p r a c t i c e .  The  exper imenta l  a r r a n g e m e n t  
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is shown in F i g u r e  1. 
d e s c r i b e d  m a n n e r ,  that  portion of the two diffracted b e a m s  which would n o r -  
m a l l y  fa l l  on the  c a m e r a  cover  was avai lable  f o r  m e a s u r e m e n t .  Using CUKE 
radiat ion,  at a power level  of approximately 950 wat ts ,  the  diffracted inten- 
s i t i e s  of the 100 and 101 reflections w e r e  only a round 30 c / s .  
intensi ty  was approximately 92, 200 c / s .  
intensi ty  ( 3  X 10’ c / s )  was  considered t o  be sufficient evidence t o  indicate 
th i s  procedure  would, at b e s t ,  b e  margina l .  
B y  positioning the scinti l lat ion counter  in the  above- 
Direc t  b e a m  
The  ra t io  of the  d i r e c t  to  diffracted 
B a s e d  on the above considerat ions,  th i s  c a m e r a  design was deemed 
l e s s  sa t i s fac tory  than a n  a r r a n g e m e n t  using focusing opt ics .  
The  back-ref lect ion type of x - ray  c a m e r a  is  a l s o  unsuitable for  
In a back-ref lect ion c a m e r a  pa t te rn ,  only u s e  as  a lunar  d i f f rac tometer .  
those  ref lect ions a r e  p r e s e n t  which l ie  in t h e  back-ref lect ion quadrant .  
a s m u c h  as  the pr incipal  identifying l ines  of the m a j o r i t y  of known compounds 
l i e  in the  forward-ref lect ion region, this optic a r r a n g e m e n t  was l ikewise 
adjudged less  d e s i r a b l e .  
In- 
By utilizing focusing geometry,  cameras can be cons t ruc ted  which 
give much g r e a t e r  resolut ion and  intensity without i n c r e a s e d  exposure  t i m e s  
as  c o m p a r e d  with Debye-Scher rer  c a m e r a s  of the  s a m e  r a d i u s .  
with th i s  optical  a r r a n g e m e n t  a r e  frequently cal led Seemann-Bohlin c a m e r a s .  
F u r t h e r m o r e ,  spec imen preparat ion and loading a r e  much s i m p l e r  than with 
Debye-Scher rer  c a m e r a s .  
C a m e r a s  
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7 DEBYE-SCHERRER CAMERA (114.59mm Diameter) 
\ SCINTILLATION COUNTER 7 
POWDERED 
SPEC1 M E N  
F i g u r e  1. Expe r imen ta l  Ar rangemen t  to Determine  Int,ensity of the 
100 and 101 Reflections of Alpha Quar t z .  
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The supe r io r i ty  of curved opt ics  v e r s u s  a flat optic sys t em is 
shown in Table  1. scanning a conventional 
goniometer  through the  200 reflection of a luminum using n o r m a l  labora-  
t o r y  diffract ion p rocedures .  
in Table  I, in a l l  cases the  intensity ( m e a s u r e d  as peak intensi ty  above 
background)  of the  curved  sample  is g r e a t e r  than for  the flat s ample .  On 
the  a v e r a g e ,  curved  opt ics  will increase  the  intensi ty  of a diffracted b e a m  
by  a fac tor  of 16 to  one. Other des i rab le  cons idera t ions  a r e  a l so  shown in 
Table  1.  A 5 take-off angle provides dis t inct  improvement  in peak inten- 
s i t y  when compared  t o  a 1 . 5  
l a r g e r  t h e  divergence s l i t  the  g r e a t e r  the  intensity.  
gence s l i t  width i s  l imited b y  other  f ea tu res  within the  s y s t e m ,  namely,  
s a m p l e  s i z e .  
ment  was constructed.  
i s  a photograph of the  actual  mechanical  a r r a n g e m e n t .  
buil t  a round a n  avai lable  s tandard  x - r a y  tube for  the sake  of conveniencep 
although fur ther  substant ia l  improvements  m a y  b e  r ea l i zed  b y  going to  
a s m a l l e r  s i z e  x - r a y  tube.  However, the pa r t i cu la r  dimensions chosen 
r e su l t  in a rad ius  of the Rowland c i r c l e  which is v e r y  c lose  t o  the  rad ius  
of t h e  focusing c i r c l e  for  the  Surveyor  Bragg-type d i f f rac tometer  a t  the  101 
diffracted l ine of quar tz ,  therebyal lowing a d i r ec t  compar ison  of ala pe r -  
fo rmance  c h a r a c t e r i s t i c s  of the two s y s t e m s .  
e t e r s  of the prototype c a m e r a  a r e :  (1)  Rowland c i r c l e  rad ius  of e i ther  8. 8 
These  data  were  obtained b y  
Curved and flat s a m p l e s  w e r e  used.  As seen  
0 
0 
take-off angle;  secondly,  and logically,  the  
However ,  the d iver -  
To capi ta l ize  on these  advantages a focusing c a m e r a  a r r a n g e -  
F igure  2 is a schemat ic  r ep resen ta t ion  and F igure  
The c a m e r a  was 
The  specif ic  design p a r a m -  
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COMPARISON O F  CURVED VS. FLAT OPTIC SYSTEMS 
lo 
4O 
No Slit 
T A B L E  I 
DIVERGENCE 
SLIT 
1.5O Take-off 
Angle 
5O Take-off 
Angle 
10 
4 O  
No Slit 
CURVED OPTICS 
(Relative Intensi ty ,  
counts / s e c  1 
FLAT OPTICS 
(Relat ive Intensi ty ,  
counts / s e c 1 
12 
59 
75 
15 
88 
95 
0 . 5  
3 . 5  
4 . 0  
2 . 0  
5 . 5  
6 . 0  
OPERATIONAL DATA: 
Cum radia t ion .  
200 ref lect ion of a luminum.  
Radius of curved sample  - 9.7'8". 
Divergence s l i t s  adjacent  t o  x - r a y  s o u r c e .  
Take-off angle  m e a s u r e d  as t h e  v e r t i c a l  d r o p  f r o m  
Norelco Dif f rac tometer  with goniometer .  ~ 
the  shadow of the  x - r a y  anode.  
a 
. 
A 
k 
I 
I 
9 
o r  1 7 .  3 Cent imeters ;  ( 2 )  curveL sample  h o l d e r s  one an(  
respec t ive ly ;  ( 3 )  x - r a y  tube take-off angle  of 5.5'; ( 4 )  anode-to-sample 
d is tance  of 7. 0 c e n t i m e t e r s ;  (5 )  divergence s l i t  width of 3 m m  and 3/8" 
long, and  (6 )  focal  spot t o  divergent slit d i s tance  of 4 . 6  cm. When t h e  
scint i l la t ion counter was  used ,  a n  0. 006" receiving s l i t  and  a s e t  of 
Sol le r  s l i t s  w e r e  positioned adjacent t o  the  de tec tor .  
w e r e  incorpora ted  in t h e  divergence s l i t  m e c h a n i s m  adjacent  to t h e  
x - r a y  anode.  
50 .  lo  2 8 )  f r o m  a sample  of a lpha  quartz  is shown in F i g u r e  4 .  
shows a typical pat tern (36.6O t o  77.6O 29) .  
with different  Rowland c i r c l e s ;  hence t h e  need for  two p a t t e r n s .  
opera t iona l  data  for  t h e s e  pa t te rns  a r e  s u m m a r i z e d  in Table  11. 
1 .  5 inches long, 
No Sol le r  s l i t s  
A typical pa t te rn  of the f i r s t  eight ref lect ions ( 2 0 .  9 O  t o  
F i g u r e  5 
The  pa t te rns  w e r e  m a d e  
The  
The m a i n  r e s u l t s  obtained f r o m  t h e s e  exper imants  a r e  the peak 
intensi t ies  for  the  diffracted l ines ,  t h e  resolut ion of the l ines ,  and the 
peak-to-background ra t io .  
( F i g u r e 4  ) i s  on the o r d e r  of 1 0 , 0 0 0  counts p e r  second o r  about twice 
the  va lue  obtained on t h e  Surveyor  Bragg-type d i f f r a c t o m e t e r  under 
equivalent conditions. 
w o r s e  than the  Surveyor  ins t rument ,  but it is probable  that a m o r e  p r e -  
c i s e  design and alignment would resu l t  in improved resolut ion.  
encouraging resu l t ,  however ,  was the re la t ive ly  high signal-to-background 
ra t io  obtained. 
A peak intensity f o r  the  101 ref lect ion 
The  resolution i s  0 .  3 0 2 0 9  which is somewhat  
The  m o s t  
The value of th i s  ra t io  was about fif ty,  which is not w o r s e  
10 
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T A B L E  I 1  
OPERATIONAL DATA FOR TYPICAL X-RAY 
PATTERNS O F  ALPHA QUARTZ 
F i g u r e  4 
17.3.cm 
F i g u r e  5 
8 . 8  c m  Rowland C i r c l e  Radius  
Focus  ing 
As  ymm et r ic  
Focusing 
A s y m m e t r i c  X-Ray  Optics  
Radiat ion c u m  c u m  
P o w e r  25 wat ts  25 wat ts  
Sca le  Fac to r  32 
1 
2 
1 Mult ip1 ie  r 
T i m e  Constant 2 2 
P u l s e  Height D i sc r imina to r :  
Sca le  F a c t o r  8 8 
B a s e  Voltage 7 . 5  7 . 2  
18 Window Voltage 18 
Gain 20 20 
Scfnt i l lat ion Counter Voltage 
Divergence  Slit 
Receiving Slit 
S c a t t e r  Slit 
F u l l - s c a l e  Deflection 
P a r t i c l e  S ize  (Quar tz )  
1000 100Q 
3 mm 3 mm 
0. 006"  0 .  003" 
None None 
12 ,800  c / s  800 e / s  
-325 -325 
13 
than the Bragg-type d i f f r ac tomer  and f a i r ly  constant ove r  a wide 
angular  r ange .  
F o r  purposes  of compar ison ,  the maximlim intensi ty  of the  
s t ronges t  peak (112 ref lect ion)  in Figure 5 i s  on the o r d e r  of 700  counts 
p e r  second;  resolut ion i s  0.3O28; and peak-to-background ra t io  i s  about 
15 to  one.  
Theor  et ical  cons ide r a t  ion s indicate that  int en s it y and s i  gnat - t o  - 
background r a t io  should improve  with a s m a l l e r  Rowland c i r c l e  r ad ius .  
Th i s  m a y  b e  ver i f ied by  comparing the  112 ref lect ion in Figcresd: and 5 
In F igu re  4. (obtained with t h e  l a r g e r  Rowland c i r c l e )  t h i s  ref lect ion 
has  a n  intensity of approximate ly  600 counts pe r  second and peak-to- 
background r a t io  of f ive t o  one.  In F igu re  5 (obtained with the s m a l l e r  
c i rc le )  the peak intensity i s  approximatey  700 counts pe r  second and 
peak-to-background r a t io  i s  15 to  one.  Thus a threefold gain in peak-to- 
background ra t io  has  been achieved.  The reduction in the Rowland c i r c l e  
r ad ius  was  not a complete scale-down inasmuch a s  the spec imen- to-  
anode d is tance  remained  the  same  in both s y s t e m s  ( s e e  F igu re  2 ).  
T h u s ,  the change in the peak intensity of the 112 ref lect ion i s  not as  
g r e a t  as  would b e  rea l ized  if t he  specimen-to-anode dis tance had been 
reduced  pr oport  ionalel y . 
In Table 111 the  absollite and re la t ive  peak intensi t ies  for  
a l l  re f lec t ion  planes f rom both Rowland c i r c l e  pa t te rns  a r e  summar ized  
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a n d  c o m p a r e d  with highly re l iab le  r e f e r e n c e  da ta .  
s i t i e s  of the exper imenta l  data were  obtained b y  taking the  absolute  
The  re la t ive  inten- 
intensi ty  of the specif ic  ref lect ion which l i e s  n e a r e s t  the design point 
of s y m m e t r y  of each Rowland c i r c l e  a n d  sett ing th i s  value equal t o  the  
intensi ty  of t h e  specific ref lect ion as  given by the ASTM. The design 
point of s y m m e t r y  i s  the 20 angle  which l i e s  on the  Rowland c i r c l e  
a t  a dis tance f r o m  the center  line of t h e  s a m p l e  which is equal to  the  
d is tance  f r o m  the  center  line of the s a m p l e  and  the x - r a y  anode ( s e e  
F i g u r e  2 ) .  F o r  t h e  Rowland c i r c l e  with the 1 7 .  3 c m  rad ius ,  the  
s y m m e t r y  point i s  26'28, or approximately the  101 ref lect ion;  f o r  the  
c i r c l e  with the  8 .  8 c m  r a d i u s  the  s y m m e t r y  point is 47O2p, o r  approxi-  
m a t e l y  the 112 refle-ction. Analysis of Table  111 will indicate good a g r e e -  
ment  between the experimantal  intensi t ies  and ASTM data ,  which for  
a lpha q u a r t z  i s  considered t o  b e  highly re l iab le .  
The  a s y m m e t r i c  shape of the  diffraction peaks ,  espec ia l ly  in 
F i g u r e  4 ,  is  worthy of note.  
the  prof i le  and position of diffraction maxima. 
Instrumental  f a c t o r s  a r e  known which modify 
1 
T h e s e  effects a r e  g e n e r -  
a l l y  manifested b y  peak broadening, shift ing i n  position f r o m  the t h e o r e -  
t i c a l  28 angle ,  and b y  render ing  the peak a s y m m e t r i c .  It is m o s t  l ikely 
1 .  Klug, H. P. and Alexander ,  L .  E.  , X-Ray Diffraction P r o c e d u r e s ,  
John Wiley, New York  p 243. 
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that  the s y m m e t r y  of the  peaks in Figure 4 is  due to v e r t i c a l  divergence 
and  absorp t ion .  . Vert ica l  divergence effects a r e  re la t ive ly  m i n o r  a t  
B r a g g  angles  around 90°, but with d e c r e a s i n g  28 angle b e c o m e  m o r e  p r o  
2 
’ nounced. This  m a y  b e  o b s e r v e d  by compar ing  the diffraction peak f r o m  
the  100 ref lect ion of F i g u r e  4 with the 211 ref lect ion of F i g u r e  5 .  
a s y m m e t r y  due to absorpt ion of the b e a m  b y  the s a m p l e  i s  o r d i n a r i l y  
s m a l l  and  considered t o  b e  l e s s  significant but not excludable without 
investigation. The prototype c a m e r a  a r r a n g e m e n t  designed and con- 
s t r u c t e d  t o  show the feasibi l i ty  of a rapidly operat ing x - r a y  diffraction 
s y s t e m  contained no Sol le r -s l i t  coll imation (for v e r t i c a l  d ivergence)  
n e a r  the x - r a y  anode.  In f u r t h e r  modification of this c a m e r a  design,  
t h e  additional use of Sol ler  s l i t s  near  the de tec tor  a r e  recommended,  
although in analyzing F i g u r e s  4 and 5 no detrimental .  effects f r o m  peak 
a s y m m e t r y  w e r e  observed  while making the a n a l y s e s ,  a s i d e  f r o m  the  
a s k e w  appearance  of the  peaks.  
s o u r c e  will a l s o  a s s i s t  in reducing t h e  background with subsequent 
enhancement  of the peak-to-background r a t  io.  
P e a k  
The use of So1Ter s l i t s  n e a r  the x - r a y  
2 .  Alexander ,  J . ,  J .  Appl.  P h y s . ,  - 25, 1954, p. 155-161 
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111. DETECTOR SYSTEMS 
In o r d e r  t o  s e n s e  the presence  of a n  x - r a y  s p e c t r u m  it is n e c e s -  
s a r y  t o  use  some s o r t  of a de tec tor .  
efficiency, high output, good l inear i ty ,  t h e  r e q u i r e d  resolut ion,  and  d i s -  
c r imina t ion  against  undes i red  background radiat ion.  
to  reduce  the exposure t i m e  of the detector  t o  the x - r a y s .  High output i s  
d e s i r a b l e  t o  e l iminate  the need for signal a m p l i f i e r s ,  t h e r e b y  mknjrnLzmg 
the  quantity of assoc ia ted  e lec t ronics .  Good l inear i ty  is n e c e s s a r y  to  count 
a c c u r a t e l y  the wide range of count ra tes  encountered in the  s p e c t r u m .  The 
resolut ion m u s t  b e  good enough t o  read  the  posit ions of the s p e c t r u m  peaks 
with sufficient a c c u r a c y  t o  distingGish one m a t e r i a l  f r o m  another .  
de tec tor  should b e  sens i t ive  t o  the c h a r a c t e r i s t i c  x - r a y  radiat ion but not 
to g e n e r a l  x - r ay  radiat ion o r  cosmic  radiat ion.  
pl icat ions it should have th i s  discr iminat ion without the a id  of e lectronic  
c i rcu i t  d i scr imina t ion  to  k e e p  the  electronics  t o  a minimum 
A good de tec tor  should have high 
High efficiency i s  d e s i r a b l e  
The  
F o r  multipbe de tec tor  a p -  
The following d e t e c t o r s  were  cons idered  in th i s  p r e l i m i n a r y  
study phase:  Individual s tacked geiger counters ,  mult iple  geiger  counters  
scint i l la t ion counter ,  channel-multiplier-type counter ,  and x - r a y  vidicon. 
T h e s e  counters  w e r e  evaluated on the b a s i s  of t h e i r  spat ia l  resolut ion,  e f -  
f ic iency,  and sensi t ivi ty  a s  well as the r e q u i r e m e n t s  with respec t  t o  power 
supply vol tage,  complexi ty  of assoc ia ted  e l e c t r o n , c s  ruggedness ,  vacuum 
r e q u i r e m e n t s ,  p r i c e ,  and t e m p e r a t u r e  c h a r a c t e r i s t i c s .  Findings a r e  
s u m m a r i z e d  in Table  IV.  The following c o m m e n t s  can be made .  
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Individual s tacked geiger  counters  have a problem of poor 
resolut ion.  This  problem,  however,  can  b e  circumvented b y  s tacking 
the  c o u n t e r s  into mult iple  r o w s .  
reaola t ion ,  a multiple a r r a y  with about 500 individual c o u n t e r s ,  each c o r -  
responding to the minimum resolvable  e lement ,  has to b e  rea l ized .  
complexity of s u c h  a s y s t e m  m a k e s  th i s  approach  l e s s  a t t rac t ive  than s o m e  
of the o t h e r  methods .  
In o r d e r  t o  achieve t h e  r e q u i r e d  spa t ia l  
The  
The multiple geiger  counter  consis t ing of m a n y  c lose ly  spaced, 
insulated sec t ions  has s o m e  a t t rac t ive  f e a t u r e s .  It was decided to use a 
ge iger  counter  in preference  to a proport ional  counter .  
counter  does not r e q u i r e  a high gain e lec t ronic  a m p l i f i e r .  
that  500 individaal channels a re  requi red ,  th i s  will r e s u l t  in a substant ia l  
sav ing  of e lec t ronics .  
i s  on the o r d e r  of 50  m i c r o s e c o n d s ,  no coincidence l o s s e s  would occur  
a t  t h e  radiat ion intensity levels  to b e  expected.  Geiger tubes f i l led with 
a r g o n  o r  neon have a n  inherent discr iminat ion against  g e n e r a l  radiat ion 
and  c o s m i c  radiat ion.  
The  geiger  
Consider ing 
As the  es t imated  dead- t ime of t h e  geiger  counter  
The scinti l lat ion counter ,  as ing  f iber  optic coupling to  a n  image 
intensif ier  and th i s  in t u r n  coupled throligh f iber  optics to  a n  image o r t h i -  
con t l ibe,  was studied but its application r e m a i n s  doubtful ~ T h e  evaluation 
showed that the problem of optically coupling the ;cinti l lator to the f iber  
op t ics  would resu l t  in poor spat ia l  resolut ion.  F u r t h e r m o r e ,  the e x t r e m e l y  
low light levels  avai lable  r e q u i r e  the  use  of a fa i r ly  complex image 
20 
I -  
intensif ier  s y s t e m .  
u s e  of a new secondary  emiss ion ,  high sensi t ivi ty  vidicon present ly  being 
developed f o r  the Apollo p r o g r a m  for a different  appl icat ion.  
v i c e ,  however ,  i s  not yet avai lable .  
A possible  solution t o  t h e s e  p r o b l e m s  might  b e  the 
T h i s  d e -  
The channel-mult ipl ier- type counter was  evalliated exper iment -  
a l l y .  
somewhat  high power supply voltage of 3500 v o l t s .  
however ,  with th i s  counter  was its efficiency of x - r a y  detect ion.  
p a r a m e t e r  was m e a s u r e d  and it was de te rmined  that  the quantum efficiency 
ic. only 2 . 7  percent .  
th i s  and the fact the counter m a s t  be opera ted  in vacuum m a k e  it a p p e a r  
disadvantageous.  
This  counter h a s  d e s i r a b l e  fea tures  except that  it does  r e q u i r e  a 
The m a i n  unknown, 
This  
While th i s  value does  not rctle out the method completely,  
The x - r a y  vidicon is a device equivalent t o  a r e g u l a r  vidicon 
except that  it will convert  x - r a y s  d i rec t ly  into a n  e l e c t r i c a l  s igna l .  
de tec tor  h a s  excellent resolut ion but the output is a t  a low level ,  
quir ing a high gain a m p l i f i e r .  
This  
thus r e -  
On the b a s i s  of th i s  evaluation, we decided to  proceed  with 
p a r a l l e l  approaches :  one using a geiger  counter  and the  o ther  a n  x - r a y  
vidicon. 
A .  X-RAY VIDICON 
P r e l i m i n a r y  work was done with a bor rowed c losed-c i rcu i t  TV 
c a m e r a  and monitor  utilizing a n  x - r a y  sens i t ive  vidicon tcibe in the c a m e r a .  
21  
The ref lect ions f rom the  200 plane of a s ingle  c r y s t a l  of l i thium f luoride 
w e r e  obse rved  on the  T V  monitor  s c r e e n  with a n  x - r a y  source  equivalent 
t o  one having a 25-watt power input. 
was such  that  it was e a s y  to d i sce rn  KQ and Ka2.  
Resolution of the  diffracted b e a m  
It was reasoned  that the sens i t iv i ty  of the  c a m e r a  could b e  i m -  
proved b y  a higher  gain ampl i f ie r  with d e c r e a s e d  bandwidth to  d e c r e a s e  
ampl i f i e r  no ise .  
the  no i se  output. 
ampl i f i e r .  
a l low the  vidicon s c r e e n  to  build up a cha rge  f rom low intensity radiat ion.  
Integration of the s ignal  would a l s o  b e  helpful t o  reduce  
Slower sweeps would b e  n e c e s s a r y  with the  n a r r o w  band 
The s lower sweep o r  a wait  period would also b e  des i r ab le  to  
A c a m e r a  was purchased and  modified t o  provide sweeps  with 
r e spec t  to  a n  x- ray  spec t r a l  l ine,  as shown in F igu re  6~ A one-ki?ocycle 
Frame Sweep Time:  0 . 2  t o  8 Seconds 
1 kc sweep 
rate across 
screen 
t 
Spect rum Line 
F i g u r e  6. Sweep Signals on Vidicon Sc reen .  
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sweep a c r o s s  the s c r e e n  was selected as slow enough t o  k e e p  the  a m p l i -  
f i e r  bandwidth r e q u i r e m e n t s  low bnt high enough t o  e l imina te  the  need f o r  
bulky coupling c a p a c i t o r s .  
f r a m e  would contain 500 l ines .  
With a f r a m e  sweep t i m e  of one second,  the 
An adjustable  delay was  provided between 
sweeps  t o  a l low the s c r e e n  t i m e  to c h a r g e .  
0 .  5 t o  30 seconds .  
This  delay could b e  s e t  f r o m  
The output of t h i s  sys tem w a s  displayed on  a s tandard  osci l lo-  
scope with the scope sweep t r i g g e r e d  to be concurren t  with the  c a m e r a  
f r a m e  sweep.  The output of the amplif ier  r e p r e s e n t i n g  a s p e c t r a l  line 
was  integrated and applied t o  the v e r t i c a l  ampl i f ie r  of the  scope giving a 
presenta t ion  as  shown in F igure  7.  
F i g u r e  7. Oscil loscope Presenta t ion .  
2 3  
The TV c a m e r a  was  s e t  up in a ca l ibra ted  d i r e c t  b e a m  f r o m  
the  x - r a y  genera tor  with a n  0 .  003 inch wide s l i t  between the s o u r c e  and 
the  vidicon s c r e e n .  
s e r t e d  between the  s l i t  and  the  vidicon s c r e e n  to  v a r y  t h e  count r a t e .  
u r e  8 i s  a photograph of the  vidicon a s s e m b l y  mounted in position for  a c -  
ceptance of a col l imated x - r a y  beam.  
Nickel foils with known attenuation f a c t o r s  w e r e  in- 
F ig-  
The f i r s t  work was  done with two used x - r a y  vidicon t u b e s ,  
Machlett  type ML-589. 
59 ,  500 c o u n t s / s e c / m m 2  with a signal-to-noise r a t i o  of two t o  one.  
s c r e e n  was allowed to  c h a r g e  for 30 seconds  and then r e a d  out with a n  0 . 4  
second sweep to  produce this signal. Longer charge  t i m e s  for  the  s c r e e n  
i n c r e a s e d  both the  s ignal  and the background output so  that  no improvement  
in s ignal- to-noise  r a t i o  was  obtained. 
needed t o  detect  the highest  intensity radiat ion expected En observ ing  
s p e c t r u m s .  
The b e s t  sensi t ivi ty  obtained with t h e s e  tubes w a s  
The 
This  sensi t ivi ty  was 1/10 of that 
The vidicon was mounted in the  Seemann-Boh1in c a m e r a  a r -  
rangement  and at a t tempt  w a s  made  t o  detect  t h e  101 plane from a q u a r t z  
s a m p l e .  
vidicon s o  high that it was difficult t o  find the s p e c t r u m  l ine.  
and  16 ma of input t o  t h e  x - r a y  tube, the 101 plane produced a s ignal  on  
the osci l loscope with about a two to  one s ignal- to-noise  r a t i o .  
con appeared  to b e  sensi t ive to the s h o r t e r  x - r a y  wavelengths contained 
In the  genera l  radiat ion.  
Genera l  radiat ion f r o m  the s a m p l e  m a d e  the  background on  the  
With 25 KW 
The vidi-  
The m a t e r i a l  used  on the s c r e e n  is p r o p r i e t a r y  
24 
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information with the m a n u f a c t u r e r  but it i s  known 
on x - r a y  sensi t ive vidicons.  Selenium woiild not 
that  se len ium i s  used 
provide m u c h  d i s c r i m -  
ination between genera l  radiat ion of  wavelengths of 0 .  5A and c h a r a c t e r i s t i c  
radiat ion a t  wavelengths of 1. 5A because t h e  r a t i o  of the mass absorpt ion 
coefficients i s  only about two to one for  t h e s e  two wavelengths.  
A spec ia l  x - r a y  vidicon was  rece ived  f r o m  t h e  Machlett  Labora-  
This  tube was  different in that it h a s  no g lass  between the t o r i e s ,  Inc. 
bery l l ium window and the  photoconductive s c r e e n .  Also,  one-half of the  
s c r e e n  was 30 m i c r o n s  thick and the other  half was 15 m i c r o n s  thick for  
the  purpose  of evaluating the effects of s c r e e n  th ickness  on sensi t ivi ty .  
It was decided to  give the new vidicon only a rough sensi t ivi ty  
t e s t  to  d e t e r m i n e  whether it had enough i n c r e a s e  in sensi t ivi ty  t o  b r i n g  it 
n e a r  the requi red  range .  
the  f irst  vidicon t o  b e  ab le  t o  detect  the  expected weakest  s p e c t r u m  l ines .  
It would need to b e  1000 t i m e s  as  sens i t ive  as  
The  tube was  s e t  c p  in a d i r e c t  x - r a y  b e a m .  When a l l  condi- 
t ions w e r e  the s a m e  as with the old tiibe, it was  folind to  b e  twice as  s e n -  
s i t ive  as  the old tube.  However ,  s c r e e n  noise  was not as high on the new 
tube,  allowing m o r e  s t o r a g e  t ime,  and it was possible  to  s e e  60,  000 
c o c n t s / s e c / m m 2  with a s ignal- to-noise  ra t io  of eight t o  one when the 
s c r e e n  was allowed to  s t o r e  for  two minutes .  The reduced  s c r e e n  noise  
f r o m  t h i s  tube m a d e  s t r a y  noise  pick-up by the high impedance t a r g e t  
c i r c u i t  m o r e  objectional so a low impedance t r a n s i s t o r  ampl i f ie r  using 
a l l  the t a r g e t  c u r r e n t  as  i ts  b a s e  c u r r e n t  was put in the s ignal  ampl i f ie r .  
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T h i s  improved the  noise  problem and it was now possible  t o  detect  1 5 , 0 0 0  
cocrnts /sec/mm" with a s ignal- to-noise  r a t i o  of t h r e e  t o  one .  
u r e m e n t s  w e r e  m a d e  on the  15-micron thick s c r e e n  which h a s  about twice 
the sensi t ivi ty  of the 30-micron  screen .  
T h e s e  m e a s -  
The vidicon sensi t ivi ty  of 15, 000 c o u n t s l s e c / m m 2  was s t i l l  so 
poor ,  as compared  t o  t h e  n e c e s s a r y  sensi t ivi ty  needed to s e e  the weakest  
expected signal of 100 c o u n t s l s e c l m m " ,  that  no additional work was done 
with it.  
B .  GEIGER TUBES 
Two para l le l  plate geiger tubes  w e r e  m a d e  by LND Inc. The 
first tube did not have a sa t i s fac tory  plateacl c u r v e .  
shown in Figclre 9 ,  had para l le l  plate e l e c t r o d e s  s e p a r a t e d  b y  0 .  062" with 
a m i c a  window at one end and filled with neon gas a t  one-half a t m o s p h e r e  
of p r e s s u r e .  
finamplified output pulse  a c r o s s  the load r e s i s t o r  was 13 vol ts  a t  t h e  center  
of t h e  plateau (500V) .  
of 13 m i c r o a m p e r e s .  
and  fised to  obtain a n  x - r a y  diffraction pa t te rn  (shown in F i g u r e  11) f r o m  a 
powdered q u a r t z  s a m p l e .  
intensi ty  of 170 c / s ,  a 10 t o  one peak-to-backgrofind ra t io ,  and resolut ion 
a t  half height of 0 . 6 O  2 8 .  
The  second tube, 
The plateau curve  for th i s  tube is  shown in Figcrrelo.  The  
T h i s  output was developed b y  a geiger  tcrbe c u r r e n t  
T h i s  tube w a s  mounted in t h e  Seemann-Bohlin c a m e r a  
With this de tec tor  the 101 ref lect ion had a n  
In a n  x - r a y  diffractorneter t h e s e  para l le l  plate geiger  t u b e s  
wovlld b e  c lose ly  spaced  in  s taggered rows  around the  crseffil par t  of the 
27 
Figure  9 .  Parallel Plate G e i g e r  Tube 
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300 400 500 
GEIGER TUBE VOLTAGE 
Figure 9.  Plateau Curve for LND Inc. Geiger Tube. 
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Rowland c i r c l e  of a Seemann-Bohlin c a m e r a .  
f low-geiger tabe  cons t ruc ted  at the Alexandria Division of A M F .  
was cons t ruc ted  as  shown in F i g u r e  13 using two end plates with five 
chamber  insulators  and  four chamber  plates  sandwiched together  and  held 
with machine  bol t s  and n u t s .  
insulating b o a r d  with epoxy cement  a f te r  a s s e m b l y ,  a 1 / 4  m i l  thick 
m y l a r  window was cemented over  the open ends of the c h a m b e r s .  
be seen  in the  drawing, gas  p o r t s  were  provided between c h a m b e r s  t o  provide 
a lengthwise flow of gas  throagh a l l  ten c h a m b e r s  in s e r i e s .  
connections w e r e  m a d e  to  the  t a b s  on t h e  c h a m b e r  plates  and the w i r e s  
extending f r o m  the r e a r  of the c h a m b e r s .  
F i g u r e  12  shows a mult iple  
This  tube 
T h e  fine w i r e  w a s  held to the epoxy g l a s s  
As  can  
E l e c t r i c a l  
When a gas  of 90 percent  a rgon  and  10 percent  methane was p a s s e d  
through the tube a plateau of 7 5  volts was  obtained at about 600  vol ts .  
output a c r o s s  the tube load r e s i s t o r s  was about 20 volts and the peak tube 
c u r r e n t  was 20 m i c r o a m p e r e s .  
was 45 percent  and the  dead t i m e  was about 50 m i c r o s e c o n d s .  
The  pulse 
The quantum count eff ic iency of the  tube 
When a11 t e n  channels of the tabe w e r e  m a d e  to  o p e r a t e ,  s o m e  c r o s s -  
ta lk  between channels due t o  pick-up b y  the high impedance e l e c t r i c a l  c i r c u i t s  
was noticed. However ,  the ra t io  of s igna l - to-cross ta lk  ampli tude was  
l a r g e  enough to  m a k e  c r o s s t a l k  no problem.  
Of the two types of de tec tors  evaluated,  the geiger  tube m e e t s  
the de tec tor  r e q u i r e m e n t s  d e s i r e d  b e s t .  
b l e  of producing a spectrcrm f r o m  a m a t e r i a l  s a m p l e ,  that  it h a s  high out- 
put ampli tude,  and that a c lose ly  spaced mal t ip le  tube can b e  bui l t .  
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It h a s  been shown that it i s  capa-  
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problem of building a multiple chamber  tube curved  to  m a t c h  the Rowland 
c i r c l e  s t i l l  r e m a i n s .  
p roper  thickness  to  give the  des i red  reso lu t ion .  
t ion the th ickness  of the  geiger  tGbe sec t ions  m u s t  d e c r e a s e  as  t h e  B r a g g  
angle  d e c r e a s e s ,  making construction of a mult iple  geiger  tube difficult. 
This  tube would need each sect ion m a d e  to the  
F o r  a constant r e s o l u -  
T h e  vidicon tube i s  capable of resolut ions much higher than 
is r e q u i r e d  and its resolut ion is n e a r l y  independent of the B r a g g  angle .  
Sensit ivity i s  the m a i n  problem with the vidicon. One possible  solution 
would b e  a n  intensif ier  on the vidicon. 
requi r ing  approximate ly  15 KV of high voltage for  opera t ing  the in tens i f ie r .  
C .  FILM 
T h i s  solution h a s  the disadvantage of 
The advent of high-speed Polaro id  f i lm with a ten-second 
development t i m e  and the compatabili ty of film to a cyl indrical ly  shaped 
focusing c a m e r a  m a k e s  this  method of radiat ion detection worthy of con- 
s idera t ion .  
application: 
f a s t e r  industr ia l  f i l m ,  t y p e  410 (ASA: 10, 000). 
was done with type 57 fi lm tising 4" x 5" film packets .  All evidence indi- 
c a t e s  that  data  obtained with t h e  slower f i l m  would b e  proportional to  r e -  
s u l t s  obtained with faster f i lm.  
Two Polaro id  f i lms  a r e  avai lable  which have m e r i t  for  this  
Type 57 (ASA equivalent exposure  index - 3200)  and a n  even 
All  experimental  work 
The  lise of  a f laorescent  s c r e e n  will reduce  exposure t i m e  o r ,  
converse ly ,  f o r  the s a m e  t i m e  cause a m o r e  intense diffraction lrne on 
the  f i l m .  
l ie  adjacent  to  the emulsion on one s ide  only as  opposed t o  a n  a c e t a t e  
nega t ive  with emulsion on both s i d e s .  Hence,  f o r  maximum gain the  
s c r e e n  m u s t  b e  inser ted  into the packet in the  d a r k  room and exposure  
m a d e  b y  passing the b e a m  through the negative.  
ab le  f luorescent  s c r e e n s  w e r e  l ised: 
"CB -2 "  s c r e e n .  
and i s  m o d e r a t e l y  fast with good resolution while t h e  la t te r  is a zinc-  
cadmium sulfide f luorscopic  s c r e e n  which is v e r y  fast  but with p o o r e r  
reso lu t ion .  
F o r  b e s t  res l i l ts  the act ive s ide of the f luorescent  s c r e e n  should 
Two c o m m e r c i a l l y  ava i l -  
DaPont "Hi-Speed" s c r e e n  and DuPont 
The f o r m e r  is  a bar ium-lead  sulfide intensifying s c r e e n  
An example of the achievable var ia t ions  of time and intensi ty  
obtainable with these  s c r e e n s  and Polaro id  f i lm i s  shown in F i g u r e  14. 
This  exper iment  was conducted b y  allowing d i r e c t  radiat ion t o  p a s s  through 
a cy l indr ica l  tube ,  2" x 0 .  187 ' '  i .  d .  , which t o  a n  extent ac ted  as  a coll i-  
m a t o r .  
t o  the  x - r a y  tabe  (CaKaradiat ion)  while the  f i lm packet w a s  f i r m l y  p r e s s e d  
aga ins t  t h e  opposite end .  Exposlire t i m e s ,  s ta r t ing  with 1 / 4  minute ,  w e r e  
i n c r e a s e d  b y  a factor  of two lintil a m a x i m a m  of foar  minutes  was  reached .  
The  difference in intensity f o r  varying exposure t i m e s  was foand to b e  
m a c h  g r e a t e r  with t h e  "Hi-Speed" s c r e e n  than with the "CB-2" s c r e e n .  
A 1 / 4  minlite exposure t o  radiat ion with a n  intensity of 2700 c / s /mm2 
using the  "Hi-Speed" s c r e e n  produced an  image that was b a r e l y  d iscernable ;  
w h e r e a s  a n  image produced with the "CB-2" s c r e e n  a t  the s a m e  exposure  
T h e  tube was positioned s o  that  one end was as  c lose  as possible  
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Intensifying 
4 i Expost;re -(minutes)  4 
F i g u r e  14. Effec t  of T ime  on In tens i ty  fo r  Polaro id  Film Exposed to  X-Radiattnr 
3 6  
t i m e  w a s  much s t r o n g e r  and would probably b e  of sui table  intensity for  
m o s t  diffraction work.  F u r t h e r m o r e ,  it will b e  noted that  with the "CB-2" 
s c r e e n  t h e  intensi ty  of the  l /L-minute  exposure a l m o s t  equals  the intensity 
of the  four-minute  exposure .  
i t s  l a r g e r  grain s i z e  and different phosphor .  Consequently,  p o o r e r  r e s o l u -  
t ion i s  obtained as i l lustrated b y  the fGzziness of interface between the  
white dot and the black background. 
The  'ICB-2" s c r e e n  is m u c h  f a s t e r  because  of 
X - r a y  diffraction pat terns  w e r e  taken of powdered alpha q u a r t z  
using Polaro id  fi lm and  a "Hi-Speed" intensif ier  s c r e e n .  
holder  w a s  f i r s t  constructed which would hold the packet in a curved  
posit ion equal to  that  of the Rowland c i r c l e  c u r v a t u r e .  By mounting the 
holder  on the modified Seemann-Bohlin c a m e r a ,  pa t te rns  such as  shown 
in Figfire 15 and 16 w e r e  readi ly  obtained in six m i n u t e s ,  
f i lm c o v e r s  only a s m a l l  Legment of t h e  2 8  s p e c t r u m ,  the 101 reflection 
was chosen as the r e f e r e n c e  l ine.  
each  of the  diffracted l ines  ( i .  e .  101 to  the 110; 110 to  the 102, e t c .  1 
is in c o r r e c t  proportion to  the ASTM r e f e r e n c e  data 
mates of the intensity of the diffracted l ines  a g r e e  with r e f e r e n c e  da ta .  
Signal-to-background ra t io  i s  es t imated  to  be on the o r d e r  of t e n  to  one 
for the  101 ref lect ion.  
o t h e r  d e t e c t o r s  which do not u s e  discr iminat ion of some type .  
A fi lm packet 
Inasmuch a s  this  
In F i g u r e  15 the l inear  d i s tance  between 
Also ,  v i sua l  e s t i -  
This  is in genera l  agreement  with the r e s u l t s  of 
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Note: Original  Photograph Showed Substantially Higher  Con t ra s t  which was  
Los t  in Reproduction. 
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RE FLE C TIONS 
101 
I 
102 
I 200 
I 1 1 0  1111 i 
Operating Data Power - 25 watts - CuKz 
Poiaroid Film - type  57 
In tens i fy ing  Screen - DuPont CB-2 
Exposure Time - 6 minutes  
ForLi-ard R e f l e c t i o n  Region - 
(ASA rxposure  index - 3 2 0 0 )  
101 (26 .  7 @  2 - 1  to 2 0 0  ( 4 2 . 4 O  2 - )  
F i g u r e  16. X-Ray Diffraction P a t t e r n  of Alpha Qcartz Using Po la ro id  Film 
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Summariz ing  the required number  of photons p e r  second per 
7 
s q u a r e  m i l i m e t e r  is in the o r d e r  of 6 x 10 
f i e r  s c r e e n  and abotit 4 x 10 
f o r  DuPont ”Hi-Speed” intensi-  
6 
f o r  DuPont C B - 2  s c r e e n  c o r r e s p o n d m g  to a 
dens i ty  of aboclt 0 .  8 .  
s c r e e n  i s  down b y  a fac tor  of 10 to 2 0 .  
The  “ensi t ivi ty  of t h e s e  f i lms without the intensif ier  
Thtis, the  lise of Polaro id  fi lm 
in combination with flclorescent s c r e e n s  of fe rs  a s y s t e m  of x- rad ia t ion  
detection which can quickly, easi ly ,  and slmtiltaneotisly r e c o r d  a diffraction 
p a t t e r n .  Potentia1 technical  a r e a s  of study for  improving the signal - to- 
background ra t io  and the resolcltion a p p e a r  to  b e :  (1) a b e t t e r  matchlng 
of the  f i lm sensi t ivi ty  to a par t icu lar  wavelength of incident x- rad ia t ion ,  
( 2 )  f i lm sensi t ivi ty  to the particcllar wavelength of the light emit ted b y  the 
exci ted phosphor;  ( 3 )  a n  evaluation of s e v e r a l  f i lms with differing c h a r a c -  
t e r i s t i c s ,  including gra in  s i z e  and the compatabili ty of each film to 
p a r t i c u l a r  f l l iorescent s c r e e n ;  (4) an improvement  in the mechanical  
a r r a n g e m e n t  to  enstire liniform and int imate  contact of the  s c r e e n  and the 
negative; and ( 5 )  a n  investigation of f i l t e r s  o r  other  devices  suc .h  as a 
c r y s t a l  monochromator  to redclce bremss t rah l l ing  o r  h a r d  radi.atlon s c a t t e r  
and t h a s  enhance the signal-to-backgrolind r a t i o .  C u r s o r y  exper iments  
Indicate that Polaro id  fi lm type 57  probably. h a s  sufficient inherer,t r e s o l u -  
t ion f o r  x - r a y  d i f f rac t ion  purposes ,  i f  the intensity IS  s t i f f i c  rent 
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IV. DATA HANDLING AND PRESENTATION 
The  data  handling and presentat ion s y s t e m  fully r e p r o d u c e s  all 
functions which a r e  to  b e  per formed in s p a c e ,  but only ten  channels of 
p r i m a r y  information a r e  handled by the  feasibi l i ty  m o d e l .  The sys tem 
concept ca l l s  for  s t o r i n g  the  outputs of ten  channels and electronical ly  
scanning the t e n  channels  along with a sync s ignal  and  t ransmi t t ing  th i s  
information in s e r i a l  fashion on a single l ine.  
then select ively gated into individual channels and fed into a six-digit  
counter  which i s  switched manually between channels I 
for  the feasibi l i ty  model ,  t o  ctilize c o m m e r c i a l l y  avai lable  logic c i r c u i t r y  
to  the fullest  extent possible .  This was  decided p r i m a r i l y  for  economic 
r e a s o n s  because  th i s  i s  a feasibil i ty s tudy and  s i z e  at th i s  point is not a 
f a c t o r .  
contains a l l  data  reduction circui ts  and  the controls  f o r  readout .  The 
feasibi l i ty  model  c a r d  r a c k  and control panel a r e  shown in F i g u r e  17 
The s e r i a l  information is 
It was decided, 
The feasibi l i ty  model  i s  housed in a desk- top  19-inch r a c k  which 
The sys tem was  designed to b e  appl icable  to any de tec tor  pro-  
ducing output counts o r  pulses ,  but an  a r r a y  of a m p l i f i e r s  was designed 
specif ical ly  t o  match the output of a geiger  tube.  
s y s t e m  logic i s  shown in F igure  18. 
f r o m  the drawing,  but a l l  ten channels have been  cons t ruc ted .  
A block d i a g r a m  of the 
Channels 3 through 9 a r e  omit ted 
T h e  data  handling sys tem c o n s i s t s  p r i m a r i l y  of a s y s t e m  clock, 
scanning c i r c u i t s ,  and ten  information channels  plus a sync s igna l .  
coming information f r o m  the t e n  individlial channels of the geiger  tube 
In- 
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F i g u r e  17 Data Reduction C i r c u i t s  and Readout Cont ro ls .  
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a r e  fed into N / 4  counters  to  provide t e m p o r a r y  s t o r a g e  until the  output 
of the  channels i s  control led b y  the clock r a t e  of 30 k c .  This  r a t e  allows 
f o r  s imultaneous inputs on each of the t e n  channels  vary ing  independently 
f r o m  z e r o  t o  m o r e  than 1 0 , 0 0 0  col;nts p e r  second.  
handling sys tem could handle an incoming data  r a t e  of up to  36,  000 counts 
p e r  second p e r  channel s imply b y  increas ing  t h e  clock frequency to i ts  
m a x i m u m  r a t e  of 100 k c .  
F i g u r e  19 w e r e  used throughout the s y s t e m  with the  exception of the input 
buffer  a m p l i f i e r s .  
t r a n s i t i o n  between the geiger  tube outputs and the input r e q u i r e m e n t s  of 
the  logic c i r c u i t s .  As the outputs of the channels a r e  scanned,  the infor- 
mat ion i s  gated onto a single l ine in s e r i a l  fashion f o r  t r a n s m i s s i o n  to the 
readout  point. 
c ra f t  t e l e m e t r y  s y s t e m .  
The present  data  
C o m m e r c i a l  logic c a r d s  of the type shown in 
Special  input a m p l i f i e r s  w e r e  designed t o  m a k e  the 
In a flight instrument  the readout  point would b e  the s p a c e -  
After the data  process ing  and presentat ion equipment w e r e  
bui l t ,  it was connected with i ts  supporting equipment for  a s y s t e m  check.  
All data  reduction channels  and the cont ro ls  w e r e  checked and found to  
p e r f o r m  well within design specif icat ions.  
Selective readout was chosen r a t h e r  than s imultaneous readout 
p r i m a r i l y  to  reduce the  cost  of the feasibi l i ty  model After  choosing the 
channel with the s e l e c t o r  switch on the m a s t e r  control panel,  the "Accu- 
mcrlate" button i s  d e p r e s s e d  m o m e n t a r i l y  to ac t iva te  the readout c i r c u i t s  
f o r  a prede termined  per iod of t i m e .  The cocrnt occur r rng  during th i s  
44 
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8 Figure  '19 C o m m e r c i a l  Logic Card Used in Data  Reduction Ci rcu i t s .  
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t i m e  is then accumulated and displayed on a Hewle t t -Packard  counter .  
P r e s s i n g  the "Accumulate" button act ivates  a n  audio osc i l la tor  and a 
C .  M .  C.  p r e s e t  counter  which a r e  used t o  control  the  length of t i m e  that 
data  is presented  to  t h e  counter .  
b e  v a r i e d  f r o m  one second t o  100 seconds with a n  a c c u r a c y  g r e a t e r  than 
1 percent .  
the  osc i l la tor  freqtiency a n d / o r  the p r e s e t  count.  
T i m e  in te rva ls  for  accumulat ion m a y  
Varying the t i m e  f o r  data accumulat ion is control led b y  changing 
The techniques used in the feasibi l i ty  model  to  put a l l  the  infor- 
mat ion  on one l ine and  r e c o v e r  individual channel information a r e  d i rec t ly  
appl icable  to  a 500-channel s y s t e m .  
would have t o  b e  i n c r e a s e d  t o  approximately 1 ~ 25 megacycles  o r  the  capa-  
c i ty  of the  channel counters  would have t o  b e  i n c r e a s e d  t o  gain suffi- 
c ient  t e m p o r a r y  s t o r a g e .  
ones  in the t ransmi t t ing  unit would b e  needed at the  receixring end t o  r e -  
cover  the individual channel information. 
in the  information s t r e a m  and using it to synchronize the osc i l la tor  and 
the  shift r e g i s t e r ,  r e c o v e r y  of the information b e c o m e s  exact ly  the r e -  
v e r s e  of the p r o c e s s  used t o  put it into s e r i a l  f o r m  
feasibi l i ty  s y s t e m  ut i l izes  the s a m e  osc i l la tor  and shift r e g i s t e r  for  r e -  
ducing the data  t o  s e r i a l  f o r m  and recover ing  it 
In the l a r g e r  s y s t e m  the clock r a t e  
An osc i l la tor  and shift r e g i s t e r  duplicating the 
B y  detecting the sync s ignal  
The ten-channel 
As  a r e s u l t  of th i s  effort  it i s  c l e a r  that  the  de tec tor  outputs 
c a n  b e  handled in a m a n n e r  economical in t e r m s  of s j z e ,  weight. cost ,  
and  t e l e m e t r y  capaci ty .  The  per formance  with a par t  lcular  de tec tor ,  
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such  as the  mult iple  ge iger  tube ,  r e m a i n s  t o  b e  demons t r a t ed  but  it is not 
expected t o  p re sen t  a n y  unusual problems I 
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V.  CONCLUSIONS AND RECOMMENDATIONS 
The r e s e a r c h  p r o g r a m  descr ibed  in th i s  r e p o r t  per ta ins  to the 
s tudy of detector  s y s t e m s  a n d  compatible optic a r r a n g e m e n t s  sui table  for 
s imultaneous detecting and record ing  a n  x - r ay  diffraction s p e c t r u m  without 
the  u s e  of mechanical  scanning devices .  T h i s  p r o g r a m  was  conducted to  
es tab l i sh  feasibi l i ty  and design concepts utilizing mult iple  o r  s tacked d e -  
t e c t o r s ,  a single fixed d e t e c t o r ,  o r  o ther  pertinent x - r a y  detect ing s y s t e m s .  
The  exper imenta l  p r o g r a m  was  approached f r o m  t h r e e  viewpoints:  x - r a y  
opt ics ,  detecting s y s t e m s ,  and data handling and presentat ion ~ 
The most  advantageous opt ical  design was found to  b e  the 
focusing geometr ica l  a r r a n g e m e n t  s i m i l a r  to  that found in Seemann-Bohlin 
c a m e r a s .  
posed t o  s y m m e t r i c a l  g e o m e t r y  because it p e r m i t s  lower B r a g g  angle 
re f lec t ions  to  b e  obtained. 
ing opt ical  design for  analyt ical  x - r a y  diffraction ana lys i s  is due to  the 
fac t  that  c a m e r a s  can  b e  constructed which grve m u c h  g r e a t e r  resolut ion 
and  intensi ty  without i n c r e a s e d  exposure t i m e  as c o m p a r e d  with o ther  
op t ica l  a r r a n g e m e n t s .  On the  a v e r a g e ,  curved opt ics  will i n c r e a s e  the 
intensi ty  of a n  x - r a y  b e a m  b y  a factor of 16 to  one when compared  t o  a flat  
optic s y s t e m .  F u r t h e r m o r e ,  spec imen prepara t ion ,  loading, -and al ign-  
m e n t  a r e  l e s s  complex. 
T h e  use  of a n  a s y m m e t r i c a l  a r r a n g e m e n t  is p r e f e r r e d  as  op- 
A p r i m e  advantage of the a s y m m e t r i c a l  focus- 
Two prototype focusing c a m e r a s  w e r e  designed and Constructed.  
In o r d e r  to  show design feasibil i ty,  the optical  s y s t e m  was evaluated with 
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a s tandard  scinti l lat ion detect ing s y s t e m  using pulse  height d i scr imjna t ion  
T h e  de tec tor  and d iscr imina tor  were  or iginal ly  partof a s tandard  labora-  
t o r y  x - r a y  d i f f r a c t o m e t e r .  With this  s y s t e m ,  the peak intensity of the 101 
ref lect ion of powdered alpha quar tz  was approximate ly  10 ,  000 counts p e r  
second or about twice the value obtained on the Surveyor  Bragg-type 
d i f f rac tometer  under equivalent conditions. The  resolut ion was 
0 .  3 O 2 0 ,  and the peak-to-background r a t i o  was about fif ty to one .  T h e o r e -  
t i c a l  considerat ions indicate that  intensity and signal-to -background 
r a t i o  should improve  even fur ther  if a s m a l l e r  Rowland c i r c l e  is used 
Two types  of d e t e c t o r s  w e r e  evaluated:  the geiger  tube and the 
x - r a y  vidicon. The geiger  tube had t h e  r e q u i r e d  sensi t ivi ty  and good d i s -  
c r imina t ion  between the d e s i r e d  s p e c t r u m  radiatLon and the undesired 
background radiat ion.  It s t i l l  needs t o  b e  proven that a mult iple  geiger  
tube of the c o r r e c t  configuration and with the r e q u i r e d  resollrtion can  b e  
bliilt .  It is recommended that a multiple chamber  geiger  tube b e  built 
and  u s e d  as  a detector  in a Seemann-BohIir, c a m e r a  along with the  e lec-  
t r o n i c s  to  p r o c e s s  the output. 
The x - r ay  vidicon detector  proved t o  have b e t t e r  than requi red  
reso lc t ion  but fell  shor t  of  the requi red  sensi t ivi ty  The mrnimum expected 
peak intensi ty  would b e  100 c o u n t s / s e c / m m 2  but the lowest de tec t -  
a b l e  peak intensity obtained with the vidicon was 15, 000 c o u n t s / s e c / m m '  
with a signal t o  noise  ra t io  of t h r e e  to o n e .  F r o m  thps it can b e  seen 
r 
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that  the sensi t ivi ty  would need t o  b e  improved by a fac tor  of a t  l e a s t  150 
o r  even m o r e  to  improve  the signal-to-vidicon-noise ra t ro  
mended that a n  intensif ier  b e  added t o  the  vidicon to  i n c r e a s e  t h e  s e n s i -  
t ivity.  This  intensif ier  would provide an  i n c r e a s e  in sensi t ivi ty  of 1000 
without adding any  noise .  
than the resolut ion of the vidicon alone and would r e q u i r e  vernfication that  
it is good enough as a detector  for th i s  fochsing c a m e r a  
It LS r e c o m -  
However,  resolut ion of the intensif ier  i s  poorer  
The use  of high-speed Polaro id  film when combined with f luor-  
escent  intensifying s c r e e n s  a l s o  provides  a auurtable method of detect ing 
and  record ing  an x - r a y  diffraction s p e c t r a m .  
m i n a t e s  o r  l e s s  w e r e  shown t o  be feas ib le  f o r  record ing  a portion of a n  
alpha q u a r t z  x - r a y  diffraction pa t te rn .  Recorded d values  and re la t ive  
intensi t ies  (visually es t imated)  w e r e  in a g r e e m e n t  with ASTM r e f e r e n c e  
da ta .  F u r t h e r  work in th i s  a r e a  is recommended P r a m a r y  emphas is  
should b e  given t o  increas ing  the blackening of the fi lm for  incident r a d i a -  
t ion of fixed intensity and to exploring the  sensi t ivj ty  range  of f i lm-  
int ens  if i e r  s c r e e n  comb inat ions 
Exposure  t i m e s  of six 
A data  handling and presentat ion sys tem was designed and con- 
s t r u c t e d  in o r d e r  to provide economical and r e a l i s t i c  representa t ion  
of the  functions of a space  sys tem 
c o m m e r c i a l l y  avai lable  NAND-NOR logic c a r d s ,  p r i m a r i l y  because  th i s  
type of logic could p e r f o r m  a l l  n e c e s s a r y  operat ions with a mrnamum 
All logic fuctrons w e r e  obtained with 
5 0  
number  of components .  
the sequence controll ing shift r e g i s t e r  and the  channel input counters  used 
fo r  t e m p o r a r y  s t o r a g e .  
ten channels  of input da t a ,  varying independently f r o m  z e r o  t o  m o r e  than 
10, 000 counts pe r  second,  to  a n  output on a single l ine f rom which fndi- 
vidual channel information can be r ecove red .  The readout  Gsed in r e -  
cover  in g individual channe 1 information ut il i zed,  wherever  po s s ib l e ,  
c o m m e r c i a l  equipment in lieu of spec ia l ly  designed c i r cu i t s  
The method of data  handling i s  cen te red  a round 
The feasibi l i ty  model  i s  capable of convert ing 
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